anesthetized 100 such cases in the course of the last eight years and it is on the results of this work that the present paper is based.
At first it seemed that the primary problems in such cases were no more than those of the prevention of the spread of the disease and the preservation of an adequate respiratory exchange. In 69 cases this proved to be so. There were, however, a minority of 31 where there ensued disturbances so severe as to cause considerable anxiety. In a few instances there was an obvious and immediate threat to life.
The course of the upset.-The first sign of trouble was a rising pulse-rate which quite often reached 120 per minute within the first twenty minutes of anesthesia (Fig. 1) the operation was begun there was an obvious increase in the amount of venous bleeding in the wound and the blood shed from the veins was darker in colour than usual. Cyanosis of the arterial blood did not, however, develop except in those cases where matters progressed until there was obvious respiratory insufficiency. As the anesthesia continued the pulse-rate rose even farther. The blood pressure was usually fairly well maintained at first -but hypotension of varying degree developed sooner or later. The respiratory rate increased steadily at first. Presently respiration became laboured and in a few instances gasping in character and obviously inadequate.
The milder cases recovered spontaneously on withdrawing the anaesthetic. In the more 600 serious type of upset an immediate improvement in the patient's circulatory and respiratory status was obtained on tapping the air-containing cavity and removing gas from it (Fig. 2) .
It was found by accident that curarizing patients who were developing this disturbance, to the point at which artificial ventilation of the lungs became necessary, greatly ameliorated this upset (Fig. 3) . Presently, however, it became apparent that in some cases curarization merely postponed the evil day; for one or two patients with artificial pneumothoraces went relatively uneventfully through operation only to find themselves in extreme distress as soon as spontaneous breathing returned. Another measure which relieved the condition, again only temporarily, was the substitution of cyclopropane for nitrous oxide as the main anxsthetic agent (Fig. 4) . Views concerning the safety of this agent in patients in whom the diathermy is being used have, however, changed radically in the last few years, and it has not seemed justifiable to continue to use it in these cases. It was preferable to return to nitrous oxide and to try to find an explanation of the changes which developed in these cases.
Although the initial disturbance was of the circulatory system, it seemed desirable first to eliminate respiratory insufficiency as a cause of the changes observed. Bronchoscopy was carried out on 5 extremely ill patients who had gasping respiration with indrawing of the soft parts of the neck and the patency of the bronchial tree was demonstrated beyond question. Though the vital capacities of the patients who developed the upset were undoubtedly on the low side they were not so far reduced as to threaten the respiratory exchange. Direct leakage of gases from the lung through an unobserved bronchopleural fistula was obviously insufficient to account for the changes observed; for the disturbance appeared also in those in whom a pneumoperitoneum was present. Indeed the very worst incident of the entire series appeared in a patient in whom an aeropericardium had been induced before operation for a non-tuberculous condition, and in such a case direct leakage from the lung could not have played any part in the aetiology, especially as tapping the pericardial sac produced an immediate improvement in the patient's condition and laying open this cavity completely restored mattel to normal.
The intrapleural pressure.-A consideration of the cases in which serious cardiovascular disturbances followed the induction of arnesthesia indicated that these were much more likely to appear when the cavity had recently been refilled to a pressure approximating to that of the atmosphere. It was also found by direct measurement that the pressure in a pneumothorax increased considerably after operation and anmsthesia, and that both the mean and the peak intrapleural pressures became more positive (Table I ). This observation provided an indication of the mechanism by which the upset in these cases might have arisen. It is well known that there is little or no obstacle to the access of the pressure in the pleural cavity to the great veins in the mediastinum. Indeed it is to the elasticity of the lungs that the negative pressure normally there owes its origin. If the intrapleural pressure becomes more positive it is obvious that the pressure in the great veins will rise also. The pressure gradient on which the venous return depends will be abolished and blood will be dammed back in the peripheral vessels, as in fact was patently demonstrated by the venous congestion observed in these cases. It is also interesting that in other circumstances where the venous return to the heart is interfered with, a rise in pulse-rate occurs. Thus when the chest is opened in the course of thoracotomy the pressure in one pleural cavity becomes atmospheric. There is then, even when respiration is controlled, quite often a sharp rise in pulse-rate (Fig. 5) , presumably because the great veins are no longer in contact with the normally negative intrapleural pressure. A continuously rising pulse-rate regularly used to occur in the days when continuous positive pressure was used instead of controlled respiration to maintain the expansion of the lung when the chest was opened. Major interference with the return of the blood to the heart such as can occur when the intra-abdominal pressure becomes so great as to 2,4' 766 25 Section of Ancesthetics 767 reverse pressure gradient from the veins of the legs into the abdominal cavity, is also associated with a rise in pulse-rate (Hunter, 1950) . This disturbance occurs for example when an obese patient is laid face down without adequate anterior support. It can also arise when an attempt is made to undo the lumbar lordosis by pressure on the relaxed abdominal wall of an anmsthetized patient.
Cause of rise in venous pressure.-It was not sufficient in these cases, however, to know that the cause of the upset was a disturbance of the venous pressure gradient. It was necessary also to discover how this disturbance was produced. At first mediastinal flap seemed as if it might be responsible; for chest physicians (Sewall, 1928; Penman, 1941) , have long been aware that lateral respiratory movement of the mediastinum can occur with an induced pneumothorax in an intact chest, especially when the pressure in it approximates to that of the atmosphere. With this in view anesthesia was induced in 3 patients on the X-ray table, but there was no resulting increase in the amplitude of the lateral mediastinal movement.
Suppressed straining, which Brennan (1938) has shown to have such deleterious effects on the intracranial pressure, might also have been responsible for the changes observed. Certainly the beneficial effects of curarization could readily be ascribed to such a cause.
Also in the few cases where the intrapleural pressure was followed throughout the operation there was a very definite association between straining and a markedly positive intrapleural pressure. This explanation, however, failed to account for the difficulties which developed in those whose lungs had been ventilated artificially throughout the entire operation and who found themselves in trouble only when spontaneous breathing was restored. Some other factor must have been operative in them.
Gas exchange in pneumothorax.-The missing factor was found when the physiology of gaseous exchange between tissue spaces and the blood was considered. UInder resting conditions the partial pressures of the gases in a pneumothorax are substantially the same as the tensions of the same gases in the blood in the underlying lung (Dautrebande and Spehl, 1922) . If either of these is upset movement of molecules of gas will take place in such a direction that the balance will tend to be restored (Rist and Strohl, 1920) . Thus if a pneumothorax is induced by injecting atmospheric air into the pleural space, CO2 diffuses from the blood into the space until the partial pressure of that gas in the cavity is equal to that in the blood. Likewise, when nitrous oxide and oxygen anesthesia is induced in a patient with an artificial pneumothorax, the tension of the nitrogen in the blood falls sharply nearly to vanishing point, while that of the nitrous oxide rises rapidly to nearly threequarters of atmospheric pressure. A process of readjustment of the gas content of the pneumothorax therefore begins. The nitrogen in the space starts to move into the blood while nitrous oxide passes from the blood into the space. The rate of these movements is governed by the solubility of the gases in the blood. Nitrous oxide is very readily soluble. It therefore diffuses readily into the space. Nitrogen on the other hand is soluble only with difficulty and cannot therefore readily be removed. Since the two diffusion processes occur quite independently of each other there is a marked increase in the total gas content of the space, and consequently, since its volume is limited, in the total pressure there.
This physiological phenomenon provided the explanation of why the upset should be confined entirely to the period during which nitrous oxide was being inhaled and why spontaneous recovery should follow withdrawal of the anesthetic. It also explained why the substitution of cyclopropane should improve matters, and why the upset occurred alike in the curarized and uncurarized subject.
Positive evidence to support these theoretical considerations was obtained. It was possible in 2 cases to sample the gases in a pneumothorax immediately after the induction of anesthesia, and at the end of operation. In 3 other cases samples were taken at the end of operation only. In these cases there was either an increase in the amount of gas in the sample absorbable by concentrated H2SO4 or the presence of an abnormally large amount of gas showing this reaction. Apart from nitrous oxide, water vapour is the only gas likely to be present in these cavities which is absorbed by concentrated H2SO4. At the temperature at which the analysis was made not more than 2.4% of water vapour could be present in the samples at full saturation, and considerably larger amounts of absorbable gases were, in fact, found. It is, therefore, justifiable to presume that the entry of nitrous oxide into the space more quickly than nitrogen could escape accounts for the rise in pressure which was observed in pneumothoraces in anaesthetized patients, and therefore presumably for the rise in pulserate and the other signs of cardio-respiratory embarrassment which I observed. Dr. T. Cecil Gray thanked Dr. Hunter for a most interesting paper and a real contribution to the subject, but pointed out that it was a pity that he had not been able to get radiological evidence of the increase in size of the pneumothorax during gaseous anesthesia. This would have been a pretty and convincing demonstration of the effects which he had described.
The Reduction of Operative Bleeding by T-Piece Ansesthesia [Summary] By J. BULLOUGH, M.B., F.F.A. R.C.S.
DR. BULLOUGH described the various types of continuous flow circuits for anmsthetic gases which include a "T"-shaped connecting piece. The aim of these methods is to provide a gas circuit which allows virtually no resistance to expiration and also minimal re-breathing.
The physiological disturbances associated with breathing against resistance were described;
an important clinical manifestation of which was considered to be increased capillary and venous bleeding during surgical operations. The speaker discussed other causes of increased bleeding during surgery, including the effects of posture, drugs and disturbances of CO2 elimination.
A reduction in troublesome operative bleeding was claimed when a "T-piece" circuit was employed, especially in cases where posture could also be used to assist venous drainage from the wound (Fig. 1) Detailed considerations of gas circuits and technique have been published elsewhere (see References).
